STACK TYPE BATTERY AND RELATED METHOD 



BACKGROUND OF THE INVENTION 

The present invention relates to a stack type battery and a related 
method and, more particularly, to a stack type battery and its related 
method that are able to measure a voltage for each unit cell. 

Recently, reduction in emission of carbon dioxide for environmental 
protection is earnestly desired. In an automobile field, reduction in 
emission of carbon dioxide through introduction of electric vehicles 
(EV) and hybrid electric vehicles (HEV) has been highly expected, and 
research and development work has been diligently done to provide a 
motor driving secondary battery that has a key to be put into a practical 
use. As the secondary battery, the spotlight of attention is focused upon a 
lithium battery (lithium ion battery) that can achieve a high energy 
density and high power output density. 

In particular, in order for the secondary battery to ensure a high power 
output to be applied to an automotive vehicle, there has been a proposal 
to provide a stack type battery comprised of a plurality of secondary 
batteries (with each battery being hereinafter referred to as a unit cell) 
that are connected in series. 

Japanese Patent Application Laid-Open Publication No. 2001-250741 
is related to a capacitor that differs from a battery in a technical field 
but discloses a structure wherein, in a stack type electric double layer 
capacitor composed of a plurality of stacked capacitors, shared voltage 
measurement tab electrodes are formed on each of the plurality of 
capacitors for measuring shared voltages. 

SUMMARY OF THE INVENTION 

Here, upon studies conducted by the present inventors, it is preferred 
for the stack type battery to idealistically allow respective unit cells to 
share voltages to provide a ratio of (charging voltage) / (the number of 
unit cells connected in series). 

However, in actual practice, variation occurs in internal resistance and 
capacity for the unit cell and, therefore, fluctuation takes place in the 
voltages shared by the respective unit cells. As a result, deterioration 
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proceeds from the unit cell whose shared voltage is high and it is 
conceivable that a life cycle of the stack type battery tends to be limited 
by the unit cell having such a high shared voltage. 

To cope with such a phenomenon, it is required to construct to compel 
the voltages shared by respective unit cells to be controlled so as to 
allow all the unit cells to uniformly share the voltages. To this end, there 
is a need for preparing electrodes for measuring the voltages of the unit 
cells one by one. 

Here, when studying the structure disclosed in Japanese Patent 
Application Laid-Open Publication No. 2001-250741, there is a big 
difference in electrode component material, charging and discharging 
mechanism and capacity between the capacitor and the battery and, so, it 
is hard to simply apply a technology of the capacitor to the battery. 

More particularly, with the battery constructed of a plurality of unit 
cells, it is conceived that, since a distance between the electrodes for 
each unit cell is extremely short and a short distance results in between 
adjacent shared voltage measurement tab electrodes, there is a 
probability of occurrence of mutual contact or mutual conduct. 
Particularly, in case of the secondary battery, it is conceived that, since 
an electric power is continuously derived through chemical reaction and, 
if such a situation occurs by any chance, the battery tends to 
continuously provide the power output differing from short-circuiting of 
the capacitor, not only the short-circuited portion but also the battery as 
a whole are adversely affected. 

In order to avoid this affect, although it is conceivable for one surface 
of the shared voltage measurement tab electrode to be laminated with a 
contact preventive insulation film, it is conceived that only the shared 
voltage measurement tab electrode portion becomes thick and there is a 
tendency of occurrence in degraded sealing property and space 
efficiency. 

Further, in case where the shared voltage measurement tab electrodes 
are provided, when placing the voltage measurement socket or the unit 
cell controller onto the shared voltage measurement tab electrodes, it is 
conceivable that a distance between the tabs is two small with a resultant 
tendency in occurrence of a complicated wiring structure in the voltage 



measurement socket or the unit cell controller. 

Therefore, the present invention has been completed upon studies by 
the present inventors set forth above and has an object to provide a stack 
type battery and its related method that are able to measure a voltage for 
each unit cell. 

To achieve such an object, according to one aspect of the present 
invention, there is provided a stack type battery which comprises: a 
plurality of unit cells stacked in a stack direction to be connected in 
series; and shared voltage measurement tab electrodes formed on the 
plurality of unit cells, respectively, to allow voltages to be measured for 
the plurality of unit cells such that the shared voltage measurement tab 
electrodes are disposed at deviated positions on a side surface of the 
stack type battery in a direction intersecting the stack direction. 

Meanwhile, another aspect of the present invention is a method of 
manufacturing a stack type battery, which method comprises: stacking a 
plurality of unit cells in a stack direction to be connected in series; and 
providing shared voltage measurement tab electrodes on the plurality of 
unit cells, respectively, to allow voltages to be measured for the plurality 
of unit cells such that the shared voltage measurement tab electrodes are 
disposed at deviated positions on a side surface of the stack type battery 
in a direction intersecting the stack direction. 

Other and further features, advantages, and benefits of the present 
invention will become more apparent from the following description 
taken in conjunction with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view representing an external structure of a 
stack type bipolar battery of a first embodiment according to the present 
invention; 

Fig. 2 is a side view of the stack type bipolar battery as viewed in a 
direction as shown by an arrow A in Fig. 1 of the embodiment; 

Fig. 3 is a cross sectional view of the stack type bipolar battery taken 
on line X-X of Fig. 1 of the embodiment; 

Fig. 4 is a cross sectional view illustrating a structure of each current 
collector of the embodiment; 



Fig. 5 is a plan view illustrating structures of respective current 
collectors of the stack type bipolar battery shown in Fig. 3 of the 
embodiment; 

Fig. 6 is a perspective view representing an external structure of a 
stack type bipolar battery of a second embodiment according to the 
present invention; 

Fig. 7 is a side view of the stack type bipolar battery as viewed in a 
direction as shown by an arrow B in Fig. 6 of the embodiment; 

Fig. 8 is a plan view illustrating structures of respective current 
collectors of the stack type bipolar battery shown in Fig. 6 of the 
embodiment; 

Fig. 9 is a perspective view representing an external structure of a 
stack type bipolar battery of a third embodiment according to the present 
invention; 

Fig. 10A is a side view of the stack type bipolar battery as viewed in a 
direction as shown by an arrow C in Fig. 9 of the embodiment; 

Fig. 10B is a side view of the stack type bipolar battery as viewed in a 
direction as shown by an arrow D in Fig. 9 of the embodiment; 

Fig. 11 is a plan view illustrating structures of respective current 
collectors of the stack type bipolar battery shown in Fig. 9 of the 
embodiment; 

Fig. 12 is a perspective view representing an external structure of a 
stack type bipolar battery of a fourth embodiment according to the 
present invention; 

Fig. 13 is a side view of a unit cell controller unit as viewed in a 
direction as shown by an arrow E in Fig. 12 of the embodiment; 

Fig. 14 is a circuit diagram illustrating a current bypass circuit of the 
unit cell controller shown in Fig. 13 of the embodiment; 

Fig. 15 is a circuit diagram incorporating the current bypass circuit in 
the unit cell controller unit of the embodiment; 

Fig. 16 is a perspective view representing an external structure of a 
stack type bipolar battery of a fifth embodiment according to the present 
invention; 

Fig. 17 is a side view of a unit cell controller unit as viewed in a 
direction as shown by an arrow F in Fig. 16 of the embodiment; 



Fig. 18 is a perspective view representing an external structure of a 
stack type bipolar battery of a sixth embodiment according to the present 
invention; 

Fig. 19A is a side view of one unit cell controller unit as viewed in a 
direction as shown by an arrow G in Fig. 18 of the embodiment; 

Fig. 19B is a side view of another unit cell controller unit as viewed 
in a direction as shown by an arrow H in Fig. 18 of the embodiment; 

Fig. 20 is a perspective view representing an external structure of a 
stack type bipolar battery of a seventh embodiment according to the 
present invention; 

Fig. 21 is a cross sectional view of the stack type bipolar battery taken 
on line Y-Y of Fig. 20 of the embodiment; 

Fig. 22 is a plan view illustrating structures of current collectors 
shown in Fig. 21 of the embodiment; and 

Fig. 23 is a view illustrating a schematic structure of a vehicle of an 
eighth embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, a stack type battery and its related method of each 
embodiment according to the present invention are described with 
suitable reference to the attached drawings. Also, in the drawings, an 
axis Dl, an axis D2 and an axis D3 form a rectangular coordinate 
system. 

(First Embodiment) 

First, a stack type battery and its related method of a first embodiment 
according to the present invention are described in detail with reference 
to Figs. 1 to 5. 

Fig. 1 is a perspective view showing an external structure of a 
sheet-like stack type bipolar battery (which may be simply referred to as 
a "stack type battery", "bipolar battery" or the like) of the first 
embodiment according to the present invention, and Fig. 2 is a side view 
of the battery as viewed in a direction as shown by an arrow A in Fig. 1. 

As shown in Figs. 1 and 2, the stack type bipolar battery 1 is 
comprised of, though detail is described later, a plurality of unit cells 
that are connected in series and stacked in a direction parallel to the axis 



D3. 

Then, connected to current collectors of respective unit cells that form 
the bipolar battery 1 are shared voltage measurement tab electrodes 10 to 
18 to allow voltages of the unit cells to be measured, respectively. The 
shared voltage measurement tab electrodes 10 to 18 are so located to 
avoid at least adjacent tab electrodes from laying on the same horizontal 
position and, more particularly, the shared voltage measurement tab 
electrodes 10 to 18 are deviated (such that, in a case where the shared 
voltage measurement tab electrodes 10 to 18 are equal in size, the tab 
electrodes are equidistantly deviated from one another) on a side wall S 
of the bipolar battery 1 along a length thereof (in a direction parallel to 
the axis Dl) so as to prevent the tab electrodes from overlapping one 
another in a stack direction (in a direction parallel to the axis D3) of 
respective unit cells of the bipolar battery 1. Typically, particularly with 
respect to the shared voltage measurement tab electrode 11, the tab 
electrode 11 is deviated from the shared voltage measurement tab 
electrode 10 by a width of approximately W in a direction Dl. Also, the 
number of shared voltage measurement tab electrodes may be suitably 
determined depending upon the number of stacks of the unit cells. 

Further, connected to the current collectors disposed at both ends of 
the bipolar battery 1 are main circuit tab electrodes 19 and 20 that 
extend outward of a battery case 45. 

Fig. 3 is a schematic view illustrating an internal structure of the 
bipolar battery 1 in cross section taken on line X-X of Fig. 1. 

As shown in Fig. 3, the bipolar battery 1 is comprised of a bipolar 
electrode 30, which is constructed of a positive electrode active material 
layer 32, a current collector 31 and a negative electrode active material 
layer 33 which are laminated in such an order, and a polymer solid 
electrolyte layer (which may be merely referred to as a "solid electrolyte 
layer" or the like) 40 interposed between the positive electrode active 
material layer 32 of one of a pair of the bipolar electrodes 30, 30 and the 
negative electrode active substantial layer 33 of the other one of the 
electrode pair. Fundamentally, each unit cell U is comprised a pair of 
bipolar electrodes 30, 30 that are constructed of the current collector 31 
and the positive electrode active material layer 32 of one of the bipolar 



electrode pair, the current collector 31 and the negative electrode active 
material layer 33 of the other one of the bipolar electrode pair, and the 
solid electrolyte layer 40 interposed between such a positive electrode 
active material layer 32 and the negative electrode active material layer 
33. 

That is, the bipolar battery 1 is so constructed as to include n-pieces 
of bipolar electrodes 30, which include n-pieces of current collectors 31, 
each of which has the shared voltage measurement tab electrode and is 
formed with the positive electrode active material layer 32 and the 
negative electrode active material layer 33, and (n + 1) pieces of the 
solid electrolyte layers 40 in such a manner that the n-pieces of bipolar 
electrodes 30 and the (n + 1) pieces of the solid electrolyte layers 40 are 
alternately laminated in stack. In addition, the current collectors 31, 31 
are laminated on the outermost polymer solid electrolyte layers 40, 40, 
respectively, and, further, the shared voltage measurement tab electrodes 
are also formed on the current collectors 31, 31 laying at the outermost 
layers, respectively. Then, the outermost current collectors 31, 31 are 
connected to the associated main circuit tab electrodes 19 and 20, 
through which the current collectors 31, 31 are connected to an external 
circuit (not shown). Here, formed on the outermost current collector 31, 
to which the main circuit tab electrode 19 is connected, is only the 
negative electrode active material layer 33, and formed on the outermost 
current collector 31, to which the main circuit tab electrode 20 is 
connected, is only the positive electrode active material layer 32. 

Further, the number n of pieces, that is, the number of stacks, of the 
bipolar electrodes 30 related to the number of stacks forming the unit 
cell U may be adjusted depending upon a desired voltage output. If an 
adequate output can be enhanced even in the presence of the sheet-like 
bipolar battery 1 with a thickness made extremely thinner, it may be 
possible to decrease the number of stacks of the bipolar electrodes 
related to the number of stacks forming the unit cell U. Also, in the 
figure, although n is selected to be typically 7, of course, the present 
invention is not limited to such a numeral. 

Further, due to a need for the bipolar battery 1 to be prevented from 
encountering an impact from the outside and an environmental 



degradation during use of the bipolar battery 1, a stacked body of the 
sheet-like unit cells U is desired to be encompassed in a sheet-like 
battery case 45. The battery case 45 may preferably be formed of metal, 
such as aluminum, stainless steel, nickel and copper, and has an inner 
surface covered with an insulation member such as a polypropylene film. 

Furthermore, the bipolar battery 1 is used in a lithium ion secondary 
battery that achieves charging and discharging through transfer of 
lithium ions. However, if it is possible to obtain advantageous effects 
such as improvement in battery characteristics, it is not objectionable for 
the bipolar battery to be applied to batteries of other kinds. 

Hereinafter, a structure of the bipolar battery 1 is described. 

Bipolar Electrode 

Fig. 4 is a cross sectional view illustrating a structure of one bipolar 
electrode in Fig. 3. 

In Fig. 4, the bipolar electrode 30 has a structure wherein the positive 
electrode active material layer 32 is formed on one surface of the current 
collector 31 whose other surface is formed with the negative electrode 
active material layer 33, that is, a structure wherein the positive 
electrode active material layer 32, the current collector 31 and the 
negative electrode active material layer 33 are laminated in this order. 

In contrast to such a bipolar electrode 30, a battery composed of 
general electrodes which is not the bipolar electrode is structured such 
that, in case of connecting the unit cells in series, positive electrode 
current collector and negative electrode current collector are electrically 
connected to one another via a connector portion (such as a wiring). 
With such a battery, connecting resistance is created in the connecting 
portion, tending to cause deterioration in power output. Also, in view of 
miniaturization of a battery module, a specific area, such as the 
connecting portion, provided with a component part with no direct 
association with an electric power generating capability results in 
inconvenience and, further, to that extent, there is a tendency of causing 
degradation of an energy density of the battery module as a whole. 

On the contrary, with the bipolar electrode 30, since no connecting 
portion exists between the electrodes that are mutually connected in 



series, it is possible to minimize deterioration in the power output due to 
resistance of the connecting portion. Also, because of the absence of the 
connecting portion, miniaturization of the battery module can be 
achieved. Additionally, to the extent resulting from the absence of the 
connecting portion, it is possible to improve an energy density of the 
battery module as a whole. 

The bipolar battery 1 may be comprised of a polymer solid electrolyte 
to be disposed on at least one of the positive electrode active material 
layer 32 and the negative electrode active material layer 33. Thus, by 
filling the polymer solid electrolyte in a spacing between the active 
materials of the active material layers, smooth ion transfer is achieved in 
the active material layer, resulting in an improvement of a power output 
of a bipolar battery as a whole. 

Current Collector 

Fig. 5 is a plan view illustrating structures of current collectors 31 to 
be used for the bipolar electrode 30 of the bipolar battery 1 with the 
current collectors being shown as conveniently disposed in a juxtaposed 
relationship in order from the uppermost current collector 31 while 
reference numerals 110 to 118 are given to the current collectors 31 in a 
sequential order. 

As shown in Fig. 5, the current collectors 31, that is, the current 
collectors 110 to 118 have shared voltage measurement tab electrodes 10 
to 18 formed in different positions not to overlap with respect to one 
another as previously described above. In addition, the outermost current 
collectors 110 and 118 are formed with the main circuit tab electrodes 19 
and 20, respectively, which oppositely extend in a direction different 
from those in which the shared voltage measurement tab electrodes 10 to 
18 extend, that is, typically in orthogonal directions intersecting the 
directions along which the shared voltage measurement tab electrodes 10 
to 18 extend. Also, the current collectors 113 to 116 having the shared 
voltage measurement tab electrodes 13 to 16 are structurally similar to 
the other remaining current collectors only except for positions in which 
the shared voltage measurement tab electrodes 13 to 16 are formed and, 
hence, the current collectors 113 to 116 are herein omitted. 



Laminating the bipolar electrodes using such current collectors 110 to 
118 allows, as shown in Figs. 1 and 2, the positions of the shared voltage 
measurement tab electrodes 10 to 18 to be deviated from one another 
along a length of the side surface of the bipolar battery 1 so as not to 
overlap with respect to one another. 

Accordingly, even in the presence of the unit cell U with the thickness 
made thinner, no probability exists for the occurrence of the shared 
voltage measurement tab electrodes 10 to 18 being mutually brought into 
contact with respect to one another to result in short-circuited. Beside, 
due to the existence of the positional layout per se of the shared voltage 
measurement tab electrodes 10 to 18 in a manner as set forth above, 
these elements are avoided from being brought into mutual contact with 
one another and, so, there is no need for sticking insulation films, for 
non-contact purposes, onto one surfaces of the shared voltage 
measurement tab electrodes 10 to 18. This results in a capability of 
preventing the battery from being thickened. 

Positive Electrode Active Material Layer 

The positive electrode active material layer 32 may include, in 
addition to positive electrode active material, polymer solid electrolyte. 
In addition to such elements, additives may include lithium salt or 
conductive promoting agent for increasing an ion conductivity. 

As positive electrode material, use may be made of composite oxides 
which are composed of transition metals and lithium and are employed in 
a lithium ion battery of a solution type. In particular, these include 
Li-Co composite oxide such as L1C0O2, Li-Ni composite oxide such as 
LiNi0 2 , Li-Mn composite oxide such as spinel type LiMn 2 0 4 , and LI-Fe 
composite oxide such as LiFe0 2 . In addition, these compounds may 
further include phosphate compounds such as LiFeP04 composed of 
transition metals and lithium, sulfate compounds, transition metal oxides 
such as V 2 0 5 , Mn0 2 , TiS 2 , MoS 2 and M0O3, sulfides, Pb0 2 , AgO and 
NiOOH. 

Positive electrode active material may preferably have a particle size 
less than a particle diameter of material that is generally used in the 
lithium ion battery of the solution type wherein the electrolyte is not 
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solid, for the purpose of minimizing electrode resistance of the bipolar 
battery. In particular, an average particle diameter of positive electrode 
active materia] may fall in a range between 0.1 and 5 um. 

Polymer solid electrolyte to be contained may not be limited to 
particular polymer materials provided that polymer has an ion 
conductivity. Polymer that has the ion conductivity may include 
polyethylene oxide (PEO), polypropylene oxide (PPO) and copolymer of 
these materials. Such polyalkylene oxide polymer is able to dissolve 
lithium salts such as LiBF 4 , LIPF 6 , LiN(S0 2 CF 3 ) 2 and LiN(S0 2 C 2 F 5 ) 2 . 
Also, formation of a bridge structure provides an excellent mechanical 
strength. Although such polymer solid electrolyte may be contained in at 
least one of the positive electrode active material layer and the negative 
electrode active material layer, in order for the bipolar battery to have a 
further improved battery characteristic, both the positive electrode active 
material layer and the negative electrode active material layer may 
preferably contain polymer solid electrolyte. 

As lithium ion salts to be contained, compounds such as LiBF 4 , LiPF 6 , 
LiN(S02CF 3 ) 2 and LiN(S0 2 C 2 F5)2 or a mixture of these compounds may 
be employed. However, the present invention is not limited to these 
compounds. 

The conductive promoter agent to be contained may include acetylene 
black, carbon black and graphite. However, the present invention is not 
limited to these compounds. 

Further, a proportion of positive electrode active material, polymer 
solid electrolyte, lithium salt and conductive promoter agent is 
determined on consideration of application purposes (with a serious 
consideration in power output and energy). The proportion of polymer 
solid electrolyte to be contained in the active material layer becomes too 
small, deterioration results in a battery performance. In contrast, the 
proportion of polymer solid electrolyte in the active material layer 
becomes too large, deterioration also occurs in an energy density of the 
battery. Accordingly, in consideration of these factors, the amount of 
polymer solid electrolyte is appropriately determined so as to comply 
with intended purposes. 

Further, in order to manufacture a bipolar battery, aimed to have high 
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priority in a battery reacting property, using polymer solid electrolyte 
(with ion conductivity: 10" 5 to 10" 4 S/cm), electronic conduction 
resistance between active material particles is preferably maintained at a 
low level by increasing the amount of the conductive promoter agent or 
decreasing an apparent density of active material. At the same time, it is 
preferable for spaces to be increased to allow polymer solid electrolyte 
to be filled in these spaces for thereby increasing the proportion of 
polymer solid electrolyte to be contained. 

Further, a thickness of the positive electrode active material layer is 
not particularly limited and, as previously described with reference to 
the proportion, should be determined in consideration of the application 
purposes (with the consideration in power output and in energy) and the 
ion conductivity. Typically, the thickness of the positive electrode active 
material layer may fall in a range of approximately 10 to 500 urn. 

Negative Electrode Active material Layer 

The negative electrode active material layer 33 may include, in 
addition to negative electrode active material, polymer solid electrolyte. 
In addition to these compounds, lithium ion salts and conductive 
promoter agent may also be included for increasing the ion conductivity. 
The elements other than the kind of negative electrode active material 
are fundamentally similar in content with those described in connection 
with positive electrode active material. 

As negative electrode active material, although it is possible to 
employ negative electrode active materials that are employed in the 
lithium ion battery of the solution type, when in consideration of a 
reacting property of polymer solid electrolyte to be particularly included, 
metal oxides or composite oxide composed of metals and lithium may be 
preferred. More preferably, negative electrode active material may 
include transition metal oxides or composite oxides composed of 
transition metals and lithium. More preferably, negative electrode active 
material may include titan oxide or composite oxide composed of titan 
and lithium. 

Further, as negative electrode active material, in addition to the above 
compounds, carbon may also be preferably employed. When employing 
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carbon as negative electrode active material, introduction of lithium ion 
provides a capability of obtaining a high voltage battery identical to that 
including negative electrode active material composed of lithium. 
Carbon to be employed may preferably include hard carbon. Since hard 
carbon causes the bipolar battery to have a larger voltage fluctuation, in 
terms of fluctuation in a charged state, than that employing graphite, the 
voltage fluctuation allows the charged state to be predicted. Accordingly, 
it is needless to provide effort or a device for such a purpose of 
calculating the charged state from an electric variable, and charging 
control of the unit cell and a device for the same can be achieved in a 
simplified structure. 

Polymer Solid Electrolyte Layer 

The polymer solid electrolyte layer 40 is made of a layer that is 
constructed of polymer having an ion conductivity and no limitation is 
intended to particular material provided that it exhibits the ion 
conductivity. 

As polymer solid electrolyte, polymer solid electrolyte such as 
polyethylene oxide (PEO), polypropylene oxide (PPO) and copolymer of 
these compounds may be included. 

Further, lithium salts may be contained in the polymer solid 
electrolyte layer 40 in order to enhance the ion conductivity. Lithium 
salts may include LiBF 4 , LiPF 6 , LiN(S0 2 CF 3 ) 2 , LiN(S0 2 C 2 F5)2 or a 
mixture of these compounds. However, lithium salts are not limited to 
these compounds. Polyalkylene oxide polymer is able to dissolve lithium 
salts such as LiBF 4 , LIPF 6 , LiN(S0 2 CF 3 ) 2 and LiN(S0 2 C 2 F 5 ) 2 . Also, 
formation of a bridge structure provides an excellent mechanical 
strength. 

Although polymer solid electrolyte may be possibly contained in the 
polymer solid electrolyte layer, the positive electrode active material 
layer and the negative electrode active material layer, identical polymer 
solid electrolyte may be employed, and polymer solid electrolyte 
different for each layer may be used. 

The thickness of the polymer solid electrolyte layer 40 is not 
particularly limited. However, in order to obtain a compact bipolar 
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battery 1, it is preferable for the polymer solid electrolyte layer 40 to 
have an extremely thin thickness to the extent for ensuring a function of 
the electrolyte layer. Typically, the polymer solid electrolyte layer has a 
thickness of approximately 5 to 200 urn. 

By the way, polymer for polymer solid electrolyte to be currently and 
preferably used is polymer such as PEO and PPO. Therefore, polymer 
solid electrolyte closer to the positive electrode has a less oxidation 
resistance tendency under a high temperature condition. Consequently, 
polymer of this type is generally used in the lithium ion battery of the 
solution type. When employing positive electrode agent having a high 
oxidation-reduction potential, it is preferable for a capacity of the 
negative electrode to be preferably lower than that of the positive 
electrode that opposes to the negative electrode via the polymer solid 
electrolyte layer. Thus, if the capacity of the negative electrode is less 
than that of the opposing positive electrode, a positive electrode 
potential can be prevented from excessively increasing at a late stage of 
charging. Here, "the positive electrode opposes via the polymer solid 
electrolyte layer" designates a positive electrode that forms a component 
element of an identical unit cell. 

The capacities of such positive electrode and the negative electrode 
can be derived as theoretical capacities when manufacturing the positive 
electrode and the negative electrode based on a manufacturing condition. 
It may be of course for a capacity of a finished product to be directly 
measured by a measurement device. However, if the capacity of the 
negative electrode is less than that of the opposing positive electrode, 
since the negative electrode potential becomes excessively low and the 
battery tends to have a deteriorated durability, there is a need for taking 
care of a charging and discharging voltage. Particularly, care is taken not 
to cause deterioration in the durability by determining an average 
charging voltage of one unit cell so as to lie in a proper value in terms of 
the oxidation-reduction potential of positive electrode active material to 
be used. 

Further, the solid polymer electrolyte layer 40 may also include 
polymer gel electrolyte. Polymer gel electrolyte may be solid polymer 
electrolyte that has ion conductivity and contains electrolyte solution 

14 



that is used in the lithium ion secondary battery or may further include a 
polymer, with no ion conductivity, in which similar electrolyte solution 
is retained in a skeletal structure of the polymer. 

Such electrolyte solution (including electrolyte salts and plasticizer) 
is not particularly limited, and a variety of electrolyte solutions may be 
suitably used. These include at least one kind of lithium salt (as 
electrolyte salt) selected from inorganic acid anion salts, such as LiPF6, 
LiBF 4 , LiC10 4 , LiAsF 6 , LiTaF 6 , LiAlCl 4 and Li 2 B 10 Cl 10 , and organic acid 
anion salts, such as LiCF 3 S0 3 , Li(CF 3 S0 2 ) 2 N and Li(C 2 F 5 S0 2 )2N, and 
plasticizer (composed of organic solvent) such as aprotic solvent mixed 
with at least one kind or more than two kinds of compounds selected 
from cyclic carbonates such as propylene carbonate and ethylene 
carbonate, chain carbonates such as dimethyl carbonate, methyl ether 
carbonate and diethyl carbonate, ethers such as tetrahydrofuran, 
2-methyl tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxiethane and 
1,2-dibuthoxiethane, lactones such as y-butytyrolactone, nitriles such as 
acetonitrile, esters such as propionic acid methyl, amides such as 
dimethylformaldehyde, methyl acetate and methyl formate. 

Moreover, solid polymer electrolyte having an ion conductivity may 
include polyethylene oxide (PEO), polypropylene oxide (PPO) and 
copolymer of these compounds. 

Furthermore, as polymer with no lithium ion conductivity for use in 
polymer gel electrolyte, polyvinylidene fluoride (PVDF), 
polyvinylchloride (PVC), polyacrilonitrile (PAN) and 

polymethylmethacrylate (PMMA) may be used. Also, though PAN and 
PMMA belong to a family with almost no ion conductivity and solid 
polymer electrolyte having the ion conductivity mentioned above may be 
used, these salts may be used in polymer gel electrolyte. 

As set forth above, with the bipolar battery 1 of the presently filed 
embodiment, since the current collectors of the respective unit cells have 
the shared voltage measurement tab electrodes 10 to 18 that are formed 
in the positions deviated along the length of the side of the bipolar 
battery 1 to be prevented from mutually overlapping under a laminated 
condition, the shared voltages of the respective unit cells can be easily 
measured. 
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Also, since the shared voltage measurement tab electrodes 10 to 18 are 
disposed and laminated in a way to be deviated in the longitudinal 
direction of the side surface of the bipolar battery 1 so as not to overlap 
each other at the same position, even if the thickness of the unit cell is 
made thinner, it is possible to avoid occurrence of mutual contact 
between the shared voltage measurement tab electrodes to cause 
short-circuiting. Also, this results in no need for one surface of the 
shared voltage measurement tab electrode to be covered with insulation 
coating, thereby enabling the thickness of the unit cell to be made 
thinner. 

Further, since the shared voltage measurement tab electrodes 11 to 17 
are juxtaposed in an equal interval along the length of the side surface of 
the bipolar battery 1, a structure of a voltage measurement socket that is 
connected to the shared voltage measurement tab electrodes 11 to 17 is 
simplified, providing an ease of manufacturing. 

In addition, since the bipolar battery 1 of the presently filed 
embodiment employs electrolyte composed of polymer solid electrolyte, 
leakage of liquid between the adjacent cells can be prevented without 
providing specific members. Also, the active material layer internally 
contains polymer solid electrolyte, the active material layer has an 
excellent ion conductivity to allow the bipolar battery to have a high 
battery characteristic. 

Moreover, when using hard carbon for negative active material of the 
bipolar battery 1, charging control of the unit cell can be simply 
achieved only upon measurement of the voltage and, thus, a stack type 
battery with a simplified structure and high power output can be 
obtained. 

(Second Embodiment) 

Next, stack type battery and its related method of a second 
embodiment according to the present invention are described in detail 
with reference to Figs. 6 to 8. 

Fig. 6 is a perspective view showing an external structure of a stack 
type bipolar battery of the second embodiment according to the present 
invention, and Fig. 7 is a side view of the bipolar battery as viewed in a 
direction as shown by an arrow B in Fig. 6. 
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As shown in Figs. 6 and 7, the stack type bipolar battery 2 of the 
presently filed embodiment differs from the first embodiment, in that 
current collectors of the bipolar battery 2 are formed with two rows of 
shared voltage measurement tab electrodes 210 to 218 and 220 to 228 at 
equidistantly deviated positions along a length of a side surface S of the 
bipolar battery 2 in a non-overlapping relationship with respect to one 
another under a stacked condition, and has the same structure in other 
respect as that of the first embodiment. So, the presently filed 
embodiment is described aiming at such a differing point while similar 
points are suitably omitted or simplified in description. 

Fig. 8 is a plan view illustrating structures of respective current 
collectors like those shown in Fig. 5. 

As shown in Fig. 8, in the presently filed embodiment, fundamentally 
similar to the first embodiment, current collectors 230 to 238 and 240 to 
248 are also formed with shared voltage measurement tab electrodes 210 
to 218 and 220 to 228 in different positions, respectively. Also, the 
current collector 230 and the current collector 248 are formed with main 
circuit tab electrodes 19 and 20, respectively, which extend in a direction 
typically perpendicular to the direction in which the shared voltage 
measurement tab electrodes extend. 

More particularly, the current collector 238 laying just in a midway of 
the unit cells that are stacked, that is, the current collector 238 having 
one end formed with the shared voltage measurement tab electrode 218 
has the opposing end formed with shared voltage measurement tab 
electrode 220. Thus, even when the shared voltage measurement tab 
electrodes are formed in the two rows, a distance (a distance between a 
pair of electrodes for measuring the voltage) between the shared voltage 
measurement tab electrodes, that is, the distances associated with all the 
shared voltage measurement tab electrodes, such as the distances 
between the shared voltage measurement tab electrodes 217 and 218 and 
between the shared voltage measurement tab electrodes 220 and 221 can 
be held constant. Consequently, it is possible to simplify a structure of a 
voltage measurement socket associated with the shared voltage 
measurement tab electrodes 210 to 218 and 220 to 228. 

Also, in the figure, since midway-course shared voltage measurement 
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tab electrodes and current collectors are different from the other 
associated component elements set forth above only in respective 
positions of the shared voltage measurement tab electrodes and are 
similar in structure to these component elements, illustration of the same 
is omitted. 

As set forth above, with the bipolar battery 2 of the presently filed 
embodiment, since the two rows of the shared voltage measurement tab 
electrodes, which are placed at equal intervals along the length of the 
battery side surface so as not to mutually overlap one another under the 
laminated condition, are disposed on the same side surface of the battery, 
even in the presence of a larger number of stacks of the unit cells, it 
becomes possible for the shared voltage measurement tab electrodes of 
mutually adjacent unit cells to be reliably protected from being brought 
into contact to be short-circuited. 

Further, among the shared voltage measurement tab electrodes 
disposed in the two rows, due to the existence of the shared voltage 
measurement tab electrodes formed at both ends of the current collector 
intermediate the stack, the distance between the shared voltage 
measurement tab electrodes is held constant at all times and, therefore, 
the voltage measurement socket can be simplified in construction. 

(Third Embodiment) 

Next, a stack type battery and its related method of a third 
embodiment according to the present invention are described in detail 
with reference to Figs. 9 to 11. 

Fig. 9 is a perspective view showing an external structure of a stack 
type bipolar battery of the third embodiment according to the present 
invention, Fig. 10A is a side view of the battery as viewed in a direction 
as shown by an arrow C in Fig. 9 and Fig. 10B is a side view of the 
battery as viewed in a direction as shown by an arrow D in Fig. 9 

As shown in Figs. 9 to 10B, the bipolar battery 3 of the presently filed 
embodiment differs from the first embodiment, in that the current 
collectors of the respective unit cells are formed with shared voltage 
measurement tab electrodes 310 to 318 and 320 to 328, respectively, on 
opposing side surfaces S, S' of the bipolar battery 3 to be equidistantly 
deviated along a length of each of the side surfaces S, S' of the bipolar 
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battery 3 in a non-overlapping relationship with respect to one another 
under a stacked condition, and has the same structure in other respect as 
that of the first embodiment. So, the presently filed embodiment is 
described aiming at such a differing point while similar points are 
suitably omitted or simplified in description. 

In particular, the shared voltage measurement tab electrodes 310 to 
318 and 320 to 328, formed on both opposing side surfaces S, S' of the 
bipolar battery 3, are disposed in a way to alternately protrude rightward 
and leftward in order in which the unit cells are stacked. That is, in order 
from the above under a condition shown in the figure, the shared voltage 
measurement tab electrode 310 formed on a first current collector 
protrudes rightward, the shared voltage measurement tab electrode 320 
formed on a second current collector protrudes leftward, the shared 
voltage measurement tab electrode 311 formed on a third current 
collector protrudes rightward and, from this on, the shared voltage 
measurement tab electrodes similarly and alternately protrude leftward 
and rightward in order. 

Fig. 11 is a plan view illustrating structures of respective current 
collectors like in Fig. 5. 

As shown in Fig. 11, with the presently filed embodiment, also, 
fundamentally like in the first embodiment, current collectors 330 to 338 
and 340 to 348 are formed with the shared voltage measurement tab 
electrodes 310 to 318 and 320 to 328 at different positions. 

More particularly, in order to allow the shared voltage measurement 
tab electrodes 310 to 318 and 320 to 328 to alternately protrude 
rightward and leftward in order in which the unit cells are stacked, the 
shared voltage measurement tab electrode 310 protrudes from a first 
current collector 330 rightward in the figure, the shared voltage 
measurement tab electrode 320 protrudes from a second current collector 
341 leftward in the figure, the shared voltage measurement tab electrode 
311 protrudes from a third current collector 331 rightward in the figure 
and, from this on, the shared voltage measurement tab electrodes 
similarly and alternately protrude leftward and rightward in sequence, 
with the last current collector 348 being formed with a shared voltage 
measurement tab electrode 328 that protrudes leftward in the figure. Also, 
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main circuit tab electrodes 19 and 20 are correspondingly formed on the 
first current collector 330 and the last current collector 348, respectively, 
in directions different from the direction in which the shared voltage 
measurement tab electrodes extend. 

Also, in the figure, since midway-course shared voltage measurement 
tab electrodes and current collectors are different from the other 
associated component elements set forth above only in respective 
positions of the shared voltage measurement tab electrodes and are 
similar in structure to these component elements, illustration of the same 
is omitted. 

As set forth above, with the bipolar battery 3 of the presently filed 
embodiment, since the shared voltage measurement tab electrodes, which 
are equidistantly deviated along the length of the battery side surface in 
a non-overlapping relationship under the laminated condition, are 
disposed on the both side surfaces of the battery, even in the presence of 
a larger number of stacks of the unit cells, it becomes possible for the 
shared voltage measurement tab electrodes of mutually adjacent unit 
cells to be reliably protected from being brought into contact to be 
short-circuited. Especially, since the shared voltage measurement tab 
electrodes extends from the adjacent current collectors are configured to 
protrude at the both battery sides mutually opposed to one another, it 
becomes possible for the shared voltage measurement tab electrodes of 
mutually adjacent current collectors to be reliably protected from being 
short-circuited. 

(Fourth Embodiment) 

Next, a stack type battery and its related method of a fourth 
embodiment according to the present invention are described in detail 
with reference to Figs. 12 to 15. 

Fig. 12 is a perspective view showing an external structure of a stack 
type bipolar battery of the presently filed embodiment, and Fig. 13 is a 
side view of a unit cell controller unit as viewed in a direction as shown 
by an arrow E in Fig. 12. 

As shown in Figs. 12 and 13, in the presently filed embodiment, the 
bipolar battery 1 of the first embodiment is provided with a unit cell 
controller unit CU1 for controlling the unit cells. 
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An shown in Fig. 13, the unit cell controller unit CU1 has a unitary 
structure formed with a socket provided with shared voltage tab 
connection electrodes 400 to 408 in compliance with the shared voltage 
measurement tab electrodes 10 to 18 disposed in the bipolar battery 1. 
The shared voltage tab connection electrodes 400 to 408 are 
correspondingly connected with the shared voltage measurement tab 
electrodes 10 to 18. 

The unit cell controller unit CU1 is typically located between the 
respective positive electrodes and the respective negative electrodes of 
the plural unit cells and has a current bypass circuit that, when a voltage 
of the unit cell exceeds a prescribed value, the positive electrode and the 
negative electrode are connected to bypass electrolyte intervening 
between the positive electrode and the negative electrode. 

Fig. 14 is a circuit diagram illustrating a structure of a current bypass 
circuit. 

As shown in Fig. 14, the current bypass circuit 50 includes a circuit 
wherein a Zener diode 52 and a resistor 54 are connected in series 
between the positive electrode (+) and the negative electrode ( — ) of a 
unit cell 55. If the Zener voltage of the Zener diode 52 is exceeded, the 
current bypass circuit 50 bypasses current without passing through 
electrolyte during charging. 

Fig. 15 is a circuit diagram illustrating a structure in which such a 
current bypass circuit 50 is connected in the unit cell controller unit 
CU1. 

As shown in Fig. 15, the current bypass circuits 50, each composed of 
one set of Zener diode 52 and the resistor 54, are connected between the 
shared voltage connection tab electrodes 400 and 401, 401 and 402, and 
the like, respectively. Also, since the number of shared voltage tab 
connection electrodes is illustrative only and circuit structures between 
the shared voltage tab connection electrodes 403 to 407 are similar to 
those described above, illustration of those circuit structures is omitted. 

With such a structure, due to the presence of the unit cell controller 
unit CU1 connected to the bipolar battery 1, the current bypass circuits 
50 are connected in parallel to the respective unit cells of the bipolar 
battery 1. 
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First, during charging of the bipolar battery 1, the Zener diode 52 is 
connected to the unit cell 55 in a direction to block conduction of the 
Zener diode 52 with respect to a direction in which current is applied to 
the unit cell 55, at an initial stage in which charging is started, since a 
charging voltage of the unit cell 55 forming the bipolar battery 1 does 
not reach the Zener voltage (a voltage at which Zener diode 52 of the 
current bypass circuit 50 conducts), almost no current flows through the 
current bypass circuit 50. 

As charging proceeds, a voltage across terminals of the unit cells 
increases and if such a voltage exceeds the Zener voltage, the Zener 
diode 52 of the current bypass circuit 50 conducts to bypass current 
flowing through the unit cell 55. When using the Zener diode 52 whose 
Zener voltage is 4.0 volts, charging of the unit cell 55 is terminated at a 
timing at which the voltage across the terminals falls in 4.0 volts. The 
unit cell 55 whose voltage across the terminals reaches the charging 
voltage automatically terminates its charging mode and, at a timing at 
which all the current bypass circuits 50 bypass the unit cells 55, 
charging of the bipolar battery 1 is terminated. 

Also, under a condition in which all the unit cells 55 are bypassed, 
electric current flows through the current bypass circuits 50 that are 
connected in series from a battery charger, with electric current being 
limited by the resistors 54 connected to the Zener diodes 52 in series. 
Consequently, the resistors 54 have functions to suppress an increase in 
electric current such that, when electric current bypasses the current 
bypass circuits 50, excessive electric current does not flow through the 
current bypass circuits 50. A resistance of the resistor 54 is selected to a 
value to preclude excessively large electric current not to flow through 
the current bypass circuit 50. 

As set forth the above, with the bipolar battery 1 of the presently filed 
embodiment, due to the presence of the unit cell controller unit CU1 that 
is formed in the unitary structure with the socket, which is provided with 
the shared voltage tab connection terminals 400 to 408 associated with 
the shared voltage measurement tab electrodes 10 to 18 provided in the 
bipolar battery 1, and is connected to the bipolar battery 1, the charging 
voltages of the respective unit cells of the bipolar battery 1 can be easily 
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controlled. 

Further, since provision of the current bypass circuits 50 in the unit 
cell controller unit CU1 enables the current bypass circuit to be activated 
to terminate the charging phase when the charging voltage of the unit 
cell exceeds the prescribed value, it is possible to prepare a uniform and 
optimum chargeable environment even in the existence of non-uniformity 
in the battery characteristic such as the battery capacity and internal 
resistance. For this reason, no biased charged condition occurs in each 
unit cell and uniform charging can be achieved, resulting in a battery 
with an improved life cycle and improved reliability. Thus, installing the 
current bypass circuit aimed at protecting overcharging of the unit cell 
enables charging states of the respective unit cells to be uniformed at a 
full charging state, thereby enabling some of the unit cells from 
encountering the overcharged states due to unbalance in the charged 
states. 

Also, with the presently filed embodiment, although the current 
bypass circuit 50 is comprised of the circuit wherein the Zener diode 52 
and the resistor 54 are connected in series, the current bypass circuit 50 
may include only the Zener diode. However, charging current of the 
bipolar lithium ion secondary battery increases when the current bypass 
circuit 50 bypasses electric current, it may be preferred for the current 
bypass circuit 50 to have the resistor 54 to suppress increase in the 
electric current to some extent so as to protect excessive current from 
flowing through the current bypass circuit 50. 

(Fifth Embodiment) 

Next, a stack type battery and its related method of a fifth embodiment 
according to the present invention are described in detail with reference 
to Figs. 16 and 17. 

Fig. 16 is a perspective view showing an external structure of a stack 
type bipolar battery of the presently filed embodiment, and Fig. 17 is a 
side view of a unit cell controller unit as viewed in a direction as shown 
by an arrow F in Fig. 16. 

As shown in Fig. 16, in the presently filed embodiment, the bipolar 
battery 2 of the second embodiment is provided with a unit cell 
controller unit CU2 for controlling the unit cells. 
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More particularly, as shown in Fig. 17, like the unit cell controller 
unit of the fourth embodiment wherein the socket is formed in the 
unitary structure, the unit cell controller unit CU2 has two rows of 
shared voltage tab connection electrodes 500 to 508 and 510 to 518 in 
compliance with the shared voltage measurement tab electrodes 210 to 
218 and 220 to 228 of the bipolar battery 2. The shared voltage tab 
connection electrodes 500 to 508 and 510 to 518 are correspondingly 
connected with the shared voltage measurement tab electrodes 210 to 218 
and 220 to 228. Also, though illustration is omitted, like in the fourth 
embodiment described above, a current bypass circuit composed of Zener 
diode and resistance are internally incorporated in the unit cell controller 
unit CU2. 

With the bipolar battery 2 of the presently filed embodiment as set 
forth above, also, the charging voltages of the respective unit cells can 
be simply and reliably controlled like in the fourth embodiment that has 
been described above in conjunction with the bipolar battery 1. 

(Sixth Embodiment) 

Next, a stack type battery and its related method of a sixth 
embodiment according to the present invention are described in detail 
with reference to Figs. 18 to 19B. 

Fig. 18 is a perspective view showing an external structure of a stack 
type bipolar battery of the presently filed embodiment, Fig. 19A is a side 
view of one of unit cell controller unit sockets as viewed in a direction 
as shown by an arrow G in Fig. 18, and Fig. 19B is a side view of the 
other one of the socket of the unit cell controller unit sockets as viewed 
in a direction as shown by an arrow H in Fig. 18. 

As shown in Fig. 18, the presently filed embodiment has a structure 
wherein shared voltage tab connection sockets SKI and SK2 to be 
connected to in correspondence with the unit cell controllers for 
controlling the unit cells are connected to the bipolar battery 3 of the 
third embodiment. Here, in view of the presence of the shared voltage 
tab connection electrodes located at both side surfaces of the bipolar 
battery 3, the shared voltage tab connection sockets are not formed in a 
unitary structure with associated unit cell controllers (not shown). Of 
course, if a capability of production exists from the point of a size, it is 
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not objectionable for a unitary structure to be used as in the fourth and 
fifth embodiments. 

More particularly, as shown in Figs. 19A and 19B, the shared voltage 
tab connection sockets SKI and SK2 have shared voltage tab connection 
electrodes 600 to 608 and 610 to 618, respectively, formed in association 
with shared voltage measurement tab electrodes 310 to 318 and 320 to 
328 of the bipolar battery 3. Then, in order to allow the associated ones 
of the shared voltage measurement tab electrodes to form one set, for 
each unit cell, such as a set of shared voltage measurement tab 
electrodes 310 and 320, a set of shared voltage measurement tab 
electrodes 311 and 321 and the like, collected wires are directed toward 
the unit cell controllers, respectively. That is, connecting the shared 
voltage tab connection electrodes 600 and 610 so as to allow the shared 
voltage measurement tab electrodes 310 and 320 to enable measurement 
of the voltage of one unit cell, connecting the shared voltage tab 
connection electrodes 601 and 611 so as to allow the shared voltage 
measurement tab electrodes 311 and 321 to enable measurement of the 
voltage of another one unit cell and also connecting the shared voltage 
tab connection electrodes of residual unit cells in a similar manner 
permit the collected wires to be directed toward the unit cell controllers. 
Wirings collected from the shared voltage tab connection electrodes are 
connected to the unit cell controllers which are not shown, and the 
voltage for each unit cell is measured whereupon control is achieved to 
allow the respective unit cells to be charged at the same charged rate. 

Even with the bipolar battery 3 of the presently filed embodiment as 
set forth above, the charging voltage of the respective unit cells can be 
simply and reliably controlled like in the fourth embodiment described in 
connection with the bipolar battery 1. 

(Seventh Embodiment) 

Next, a stack type battery and its related method of a seventh 
embodiment according to the present invention are described in detail 
with reference to Figs. 20 to 22. 

Fig. 20 is a perspective view showing an external structure of a stack 
type bipolar battery of the presently filed embodiment, Fig. 21 is a cross 
sectional view of the stack type bipolar battery taken along line Y-Y of 
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Fig. 20, and Fig. 22 is a plan view illustrating structures of respective 
current collectors. 

As shown in Fig. 20, a bipolar battery 7 of the presently filed 
embodiment has a structure in which a plurality of cell units provided 
with shared voltage measurement tab electrodes are connected in parallel 
through shared voltage measurement tab electrodes. 

More particularly, the bipolar battery 7 is comprised of plural pieces 
of bipolar battery units 703 each having the same structure as that of the 
bipolar battery 1 of the first embodiment, with the bipolar battery units 
701 being connected in parallel through respective shared voltage 
measurement tab electrodes 710 to 718 for each unit cell. As a 
consequence, the bipolar battery 7 has an internal structure which, as 
typically shown as two bipolar battery units 701, 701 in Fig. 21, takes 
the form of a condition where bipolar electrodes 30 of one bipolar 
battery unit 701 are connected to associated bipolar electrodes 30 of 
another bipolar battery unit 701, respectively. The bipolar battery unit 
701 has an internal structure, similar to that of the first embodiment 
described above with reference to Fig. 3, wherein n-pieces of bipolar 
electrodes 30, each of which includes a current collector 31 laminated 
with a positive electrode active material layer 32 and a negative 
electrode active material layer 33, and (n+1) pieces of polymer solid 
electrolyte layer 40 are alternately laminated, with the outermost 
polymer solid electrolyte layers 40 including current collectors 31, 31 on 
which associated active material layers 32, 33 are laminated, 
respectively. 

Further, the bipolar battery unit 701, located at one end of the bipolar 
battery 7, has shared voltage measurement tab electrodes 710 to 718, 
which are not connected to the adjacent bipolar battery unit 701 and to 
which the unit cell controller unit CU1 is connected. Also, the unit cell 
controller unit CU1 is similar in structure to that of the fourth 
embodiment that has been described above. 

Furthermore, the current collectors used in each bipolar battery unit 
701 are so configured that, as typically shown as one bipolar battery unit 
701 in Fig. 22, the current collectors are formed on both sides thereof 
with oppositely outwardly extending shared voltage measurement tab 
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electrodes 710 to 718 at positions deviated from one another along both 
sides of the current collectors 730 to 738 that are stacked in place. 
Consequently, like in the bipolar battery 1 of the first embodiment (see 
Fig. 2), the shared voltage measurement tab electrodes 710 to 718 are 
deviated from one another along a length of the side surface S of the 
bipolar battery unit 701 and equidistantly positioned in a 
non-overlapping relationship under a stacked condition. Also, illustration 
of the shared voltage measurement tab electrodes on the other side 
surface of the leftmost end in Fig. 20 is omitted. 

As set forth above, with the presently filed embodiment, due to the 
presence of the battery units each of which is provided with the shared 
voltage measurement tab electrodes and which are connected in parallel 
through the plural pieces of the shared voltage measurement tab 
electrodes, even if deterioration occurs in any of the unit cells among the 
bipolar battery units 701 and infinity internal resistance results in, 
electric current is allowed to flow through the unit cell of another 
bipolar battery unit 701 connected to the failed unit cell in parallel 
through the shared voltage measurement tab electrodes. For this reason, 
even in the presence of any deteriorated unit cell among the bipolar 
battery units 701, the battery 7 can be continuously used without causing 
any rapid degradation in performance. 

(Eighth Embodiment) 

Next, a stack type battery and its related method of an eighth 
embodiment according to the present invention are described in detail 
with reference to Fig. 23. 

As shown in Fig. 23, a vehicle of the presently filed embodiment 
incorporates the bipolar batteries of the first to seventh embodiments and, 
more preferably, the bipolar batteries equipped with the unit cell 
controller units according to the fourth to seventh embodiments as a 
battery module 800 that is installed in a floor underneath area of the 
vehicle. 

Such a battery module 800 is comprised of a plurality of bipolar 
batteries that are connected in series or parallel or in combination of 
these connections through the main circuit tab electrodes 19 and 20. 
Such a battery module 800 may be used as a driving prime power supply 
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of the vehicle 801 such as a battery propelled electric vehicle or a hybrid 
electric vehicle. An installation area of the battery module 800 is not 
limited to the floor underneath area in the vehicle and the battery module 
800 may be located inside an engine room or a ceiling interior. 

With the presently filed embodiment set forth above, since a hybrid 
vehicle and an electric vehicle which are safe and have favorable fuel 
consumption can be provided and less deterioration takes place in each 
unit cell of the battery while rendering the battery to have a prolonged 
life cycle, it becomes possible to extend a battery replacement cycle of 
the vehicle. 

According to the stack type batteries of the respective embodiments 
set forth above, no possibility occurs in mutual contact between the 
shared voltage measurement tab electrodes to cause short-circuiting, and 
the shared voltages of the respective unit cells can be simply and 
reliably measured. 

The entire content of a Patent Application No. TOKUGAN 
2002-245144 with a filing date of August 26, 2002 in Japan is hereby 
incorporated by reference. 

Although the invention has been described above by reference to 
certain embodiments of the invention, the invention is not limited to the 
embodiments described above. Modifications and variations of the 
embodiments described above will occur to those skilled in the art, in 
light of the teachings. The scope of the invention is defined with 
reference to the following claims. 
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